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Executive Summary

This deliverable completes the set of guidelines and best practices to support data man-
agement in BLCEM processes. The guidelines follow the methodology proposed by
SWIMing consortium (see D2.2), which similar to the IDM/MVD approach from build-
iNngSMART is divided into two parts: (1) the capture of use-case specific domain
knowledge and (2) the translation of conceptual models defined by domain experts into
technical specifications ideally reusing existing solutions. The focus of the D2.3 has
been on the second part, in particular the mapping of data requirements to ontologies
and the identification of ontology alignments. The methodology itself has been applied to
a set of use cases not only to validate the presented approach but also to get an over-
view about the current state of research in EEB-related use cases. Conducted results
have been summarized in an interactive domain/use case matrix that is available at [8]
as well as an overview about used ontologies that is provided in this deliverable.

The result of this research is leading to a number of findings that not only proof a number
of assumptions but also show current research challenges when moving to Linked Build-
ing Data and Semantic Web technologies. The following findings shall be highlighted:

1 Importance for properly documenting use case requirements: It is often diffi-
cult to review research results and to check whether developed solutions in terms
of specifications, tools and data sets can reused or integrated into own develop-
ments. Accordingly, it is important to thoroughly document developed use cases.
First of all it is important to be able to classify developments for instance based
on the matrix proposed in SWIMing. Additionally, it is then necessary to be able
to check detailed requirements including the technical implementation. Ideally,
the information is managed in a similar structure and published as a searchable
resource as for instance done in SWIMing by the use of the BIM*Q tool.

1 Integration of different data sources is becoming more and more important,
even with BIM: Although BIM and IFC enables to integrate most important build-
ing data there is an increasing need to connect to other data sources, either to
keep the link to none-sharable, highly specialized building data or to make use of
data that is outside the scope of the AEC industry. Almost all projects are faced
with the challenge to integrate different data sources.

1 Semantic web technology is recognized as solution for data integration: A
number of projects have started to use Semantic Web technology not only to link
different data sources but also as a technology to manage and manipulate the
data, even though there are still a number of barriers like for instance the neces-
sity to convert data to Semantic Web-enabled representations.

1 Linked Building Data approaches are moving from data exchange to data
sharing solutions: This step potentially reduces data conversion and data loss-
es. However, shared data may comes with a number limitations, in particular in
terms of completeness (some concepts may not be expressable) and efficiency
(data query and manipulation could be more difficult and time consuming than
with proprietary solutions). Completeness and efficiency issues might be handled
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by extensions so that extensibility becomes a major requirement for LBD solu-
tions.

Reuse of ontologies is limited due to context dependency: A key principle of
LBD is to reuse existing resources, not only in terms of data but also in terms of
semantic definitions. However, it is very likely that existing definitions do not fully
fit to own requirements. Accordingly, it is difficult to give general recommenda-
tions about ontologies without knowing the context of its use.

Proper data publication is a prerequisite for using LBD approaches: In order
to contribute to LBD developments it is important to properly publish and promote
own ontologies and datasets. This essentially means to enrich developments with
the right meta-data and to make it available for the community.

Results of this deliverable give an overview about achievements in the area of EeB-
related Use Cases. Many specifications, tools and datasets have been developed for
solving specific issues in the life-cycle of a building. However, it is still very difficult to find
and integrate those developments into own use cases. This deliverable shall help to get
a better overview about the current state-of the art, which is rapidly changing as a result
of the large amount of research still being conducted. Therefore, an important message
of the SWIMing consortium is to improve and harmonize the documentation of devel-
oped solutions and published data sets. Semantic Web and Linked Building Data is al-
ready embedded into standardization initiatives from W3C and buildingSMART driven by
an active community and provide a basis for this multidisciplinary development that in

many cases already go beyond the traditional building domain.
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1 Introduction

The goal of WP2 is to provide a set of guidelines and best practices that support data
management in BLCEM processes. This work is being carried out in close cooperation
with the Linked Building Data community [1], buildingSMART [2] and research projects
working in the area of energy efficient buildings (EeB) through active engagement in the
use and improvement of the suggested methodology. Further activities have been start-
ed by the community based on this engagement, which for instance include: develop-
ment of an MVD white paper, proposal of simpleBIM and BOT ontology, model linking
approaches, discussion about data management based on LBD, ontology modelling
recommendations. Those activities were also leading to more general discussions about
Linked Building Data and potential consequences for BIM data management and quality
control.

This deliverable is extending the work which has been previously presented in the D2.2
[3], D1.1 [4] and D1.2 [5]. However, instead of being a new revision with updated content
the D2.3 is a new deliverable covering different topics than those in D2.2 [3]. This first
chapter gives an overview about our activities and the content of this deliverable.

1.1 Steps covered in this deliverable

The overall methodology proposed and followed by SWIMing is described in deliverable
D2.2. It is derived from the IDM/MVD methodology [6] from buildingSMART and is based
on a sequence of specification steps that either require specific domain knowledge of the
use case or IT knowledge for implementation in software. Accordingly, there are mainly
two types of experts involved in that process: (1) domain experts that are familiar with
the business case and (2) IT experts that are able to translate those domain require-
ments into technical specifications and software. While D2.2 focused on steps 1-4, this
deliverable is dealing mainly with the second part steps 5-8, in particular the mapping of
data requirements to ontologies (step 5) and the identification of ontology alignments
(step 7). Nonetheless, a summary of findings from Steps 1-3 are provided at the end of
Chapter 3, as this inform the analysis conducted in Chapter 4. The parts of the SWIMing
methodology covered by this deliverable are highlighted in Figure 1. For more infor-
mation on these steps see Appendix A.

Existing use cases as developed in EU-funded EeB research projects have been docu-
mented in an open Wiki [7] and partially reviewed in more depth in the BIM*Q database’.
Achieved results show the potential of collecting and harmonizing use case definitions.
However, it also makes clear that there are many ways to describe data requirements. It
not only depends on the use case itself but also on the background of the user describ-
ing the requirements, who themselves may already be familiar with conducting data
modelling and also have knowledge about existing ontologies.

! http://85.10.201.48:4590/users/sign_in
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Figure 2: BPMN Model of Guidelines for BIM Data Publication
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Figure 1: Second part of the SWIMing methodology covered by D2.3

Steps 5 to 8 (Figure 1) are the main focus of this deliverable and set out to enable not
only the harmonization of data requirements for comparison, but also to identify align-
ments between ontologies and identify standards and ontologies for supporting data
publication. Alignments essentially specify the link that is needed to interconnect differ-
ent data sources, as required in the Linked Building Data approach. Additionally, it also
helps to identify gaps leading to the development of new ontologies. Besides presenting
results this deliverable will explain those steps in more detail so that it can be successful-
ly applied to other projects. It is important to understand that it is an ongoing process of
extending or refining use case definitions that are part of the well-known continuous im-
provement cycle (Figure 2).

3
E Continuous

Improvement

Figure 2 Continuous Improvement Cycle supported by the SWIMing approach.
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In order to successfully start new developments, it is therefore important to know what is
already available to easily identify existing gaps. Accordingly, the SWIMing consortium
believes that it is necessary to document use cases in a standardized way and to make
that data available to be easily used and maybe queried from a single database, like
BIM*Q.

1.2 Current state of documented use cases

Currently there are over 50 use cases shared on the Wiki [7], 45 of these are directly
accessible through the overview page [8] with a further 22 use cases available through
the BIM*Q tool [9] The high level use cases on the Wiki have been shared with the pro-
jects, which have had the opportunity to validate their accuracy. This information is cap-
tured during steps 1-3. While the Wiki provides high level information, the BIM*Q tool
provides much more depth into the use cases, providing not only definitions of the
stakeholders and processes (and at a higher granularity than life cycle stages of the
Wiki) but also detailed descriptions of the conceptual data model and required data ex-
changes to support the processes. This modelling represents Steps 1-4.

The BIM*Q tool is designed to be flexible in use, so that all stakeholders involved in the
process of data requirements capture can participate in the defining of the use cases.
These steps/tasks are covered in more detail in Appendix A, where a manual of the
SWIMing methodology is presented as a whole. It is encouraged when developing iden-
tifying processes, stakeholders, data domains, and data requirements for use cases, that
all stakeholders be present when possible to provide input, so that they can collabora-
tively articulate exactly what data is important to achieve their particular process.

The basic process for capturing data requirements consists of defining a concept and
properties for that concept, f odefinedfodomgulbye t he <cor
properties such as: 61 D6, 6Typebd, 6Locationé, 6
like structure. The flexibility provided by the BIM*Q tool means that the structure of the

data reflects the conceptual models of the user for organizing data. For example, IT ex-

perts who are familiar with object oriented programming may organize data as classes

and variables, describing inheritance through the placement of concepts in a hierarchy.

So they have a super class Product, which has a subclass Building, which it is implied,

inherits the variables associated with Product. Non IT experts may model in other ways.

These experiences of users of the tool are discussed in more detail in section 6.1.

The downside of this type of flexibility comes when attempting to harmonize data re-
quirements, as it may be difficult to identify similar concepts when there is too much var-
iance between use cases. Therefore, the process of using the BIM*Q tool usually begins
with some instruction and examples by members of the SWIMing project. The continuing
efforts at harmonizing data across use cases will be discussed in greater detail in section
1.3. This harmonization process has led to insights into the use of data across EeB pro-
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jects, which inform our recommendations about future directions for BIM and Building
Data in Chapter 5.

1.3 Goals (to be) addressed in this deliverable

Building Information Modelling (BIM) is a synonym for integrating all relevant data of a
building into a single, consistent data model. The idea of BIM and related standards
have been developed by the Architecture, Engineering and Construction (AEC) commu-
nity and is used as a data source and coordination point for many AEC processes [10].
The use of BIM is not limited to the core AEC business such as building design and con-
struction. It is also used to support operation, maintenance, refurbishment and demoli-
tion of a building. Meanwhile further use cases are proposed trying to extend the current
scope of BIM.

While BIM has stimulated the development of new use cases such as for instance differ-
ent kinds of building simulations it also true that it is not the purpose of BIM to address
all data requirements in all domains (e.g. weather data). It is commonly accepted in the
AEC community that there will not be a single BIM standard or ontology that covers all
potential use case requirements. Out of scope are for instance weather profiles for ener-
gy simulations, geographical data for smart city scenarios and energy tariffs for optimiz-
ing energy costs. Similarly, data that is typically not shared between domain experts
such as for instance finite element meshes or tool specific settings are also out of scope
for BIM-based data exchange scenarios.

New technologies like Semantic Web and Linked Data are proposing a new way of inter-
connecting different types of data sources [11]. SWIMing project partners and the Linked
Building Data community [1] are aware of the big potential of this emerging technology in
particular when it comes to use cases that are beyond the scope of the AEC domain for
solving interoperability issues. However, there are a couple of questions related to the
use of LBD. Are there specific use cases for LBD, or is it capable of completely replacing
traditional STEP and XML technology? Do we still talk about data exchange as being the
focus of IFC, or will it move to data sharing scenarios without local data replication as
already proposed by product model servers? Is an ontology equal or comparable to a
so-called Application Protocol in the STEP technology? Do we still need standards or is
it sufficient to publish proprietary ontologies in the OWL format? What will be the role of
BIM/IFC be in such scenarios?

If ontologies are used as an open knowledge representation for encoding relevant pro-
cess and product knowledge the question is whether there is still a need to differentiate
between neutral data exchange standards and internal tool specific data formats or if
both will be merged.

The SWIMing project has contributed to the various discussions related to LBD. Specific
goals and questions reported in this deliverable have been:
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1 Identify and discuss research questions derived from the LBD approach. Do we
for instance need a reference ontology, which level of semantics/knowledge is
required in an ontology to support data exchange and maybe data processing?

9 Isit possible to provide a list of recommended ontologies, and maybe tools, to be
used in the domains and life-cycle stages identified in the SWIMing project?
What are the steps proposed?

1 What ontologies or data structures are used, how do they overlap and what are
the main use cases? How is the BIM*Q being used and what are the benefits?

1 Get an overview about the use and relevance of LBD. Who is using Semantic
Web technologies or have they considered using it?

2 Linked Building Data and Semantic Web

This chapter provides a discussion about Linked Building Data and the use of Semantic
Web technologies. It compares the BIM approach developed by the AEC community with
the idea to embed building data into the Web of Data as proposed by the Semantic Web
community and consequently to use the relevant developed technologies. It highlights
the state-of-the art of LBD, presents findings from several workshops and identifies open
research questions. It is meant to be a neutral, but critical view on current solutions and
future expectations.

2.1 Monolithic data schemata vs. Semantic Web-based ontolo-
gies

BIM is a solution to integrate and share building data; however in most cases the infor-
mation exchange is restricted due to the specific needs per use case. Furthermore, even
though the information provided is rich and in great technical detail, the semantics
around it is quite limited, hence leading to the fact that explicit communication between
domains and building lifecycle stages is needed. A solution towards solving this issue
was introduced with the Semantic Ontologies which provide a common vocabulary that
can be utilized in establishing consistent and uniform data exchange among different
domains and stages.

A characteristic example is the standard for representing, accessing, and sharing a
building model, which is the Industry Foundation Classes (IFCs) data model. Huge ef-
forts have been made by research and industry to develop the IFC standard and to im-
plement IFC import and export interfaces. IFC is basically an agreement about (1) the
data that is important to be shared between the different stakeholders involved in build-
ing processes and (2) how to encode and structure that data, i.e. how to represent it in
an IT-enabled data model.

The development of IFC started in 1995 based on research results and the 1ISO STEP
standard (10303) pushed by success stories of the mechanical and automotive industry.
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Figure 3: Classical argument for the BIM/IFC development. (a) multiple interfaces for
intersectoral communication, (b) communication through a neutral, common and shared
BIM standard

A main motivation of this development was the goal to replace the huge number of inter-
faces® that would be needed without a neutral BIM standard (or shared project model i
see Figure above).

The technology chosen at this time was the EXPRESS modelling language (ISO 10303-
11) based on the object-oriented concept and several modelling principles trying to en-
sure an easy to use and extendible model structure. The result is meanwhile a large and
complex schema specification that follows a fixed release cycle for extending the scope
of the IFC standard. Extensions must be agreed in a group of international experts and
then added to a new release of the standard. This is a rather slow process, not neces-
sarily supporting all original requirements and is adding more complexity to the IFC data
structure. Accordingly, there are disadvantage like complexity, slow extension cycles and
the limited scope leading to solutions based on Semantic Web and Linked Data technol-
ogies. However, the effort taken by the LBD community to translate IFC into an OWL
ontology shows that there is still a need for IFC.

A main driver for using Semantic Web and LBD is the need to connect building data to
other data sources, in particular if that data is already available in an open standard like
CityGML or out of scope for BIM like weather data. The Semantic Web community is
already working on the Web of Data vision being a large, interconnected data source for
any kind of data queries. For instance it would be interesting to publish and interlink
building data to work on smart city scenarios. The technology developed for that vision is

% For n software tools with n proprietary data formats a number of n*(n-1)/2 interfaces would be
needed.
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seen as a sound basis not only for data publication (and the support of the web of data
vision) but also for a lot of other AEC specific data management topics.

2.2 Link approaches

Integration and linking of different data sources is a common topic for nearly all of the
use cases. Accordingly, several approaches have been made to solve related issues.

These approaches were discussed i n dethar
ing Interlinked Building Dataé chaired
given below.
2.2.1 COINS

The European funded project COINS (Construction Objects and the INtegration of Pro-
cesses and Systems)® is an open BIM standard that is developed since 2009 by a Dutch
consortium of various governmental authorities, contractors, educational and research
institutes (Nederveen et al., 2010 [11]). COINS supports the exchange of containers for
BIM, infra, and GIS related data. In this approach, models and documents can be com-
bined in a container (a ZIP file with a standard folder structure), see Figure 4. Each in-
formation object in a container has its own identifier (URI). An additional OWL file is then
provided in the container which describes how these information objects are related or
linked to each other. While the COINS approach is comprehensive and identifies many
of the issues for linking data, and the use of containers can be conceptually useful for
those not familiar with how data is structured on the web (i.e. many of the potential
stakeholders), if this data is described purely in RDF (see 2.2.3), it could be accessed
using existing approaches already developed for data on the web without the need for
containers [12].

Applications operating on top of CBIS
Editor 3D viewer Model
checker

| func.

Specs]
Browser Report
design
AP |

o
=

struct.

cBIS

export
|::> VIS |
3 = S
Document <::| COINS
store im port c;ontaineL | lanning

cquantity

Discipline specific applications

1 procure

I

Figure 4: Global architecture of a COINS-compatible Building Information System
(CBIS).The blue area marks the actual CBIS, while the gray objects describe the interac-
tion environment.

® http://www.coinsweb.nl/wiki/index.php/COINS_Building
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2.2.2 Multi-Model Container

The concept of Multi-Models is also being actively developed by TU Dresden, since
2010. Multi-models also work on the principle of exchange containers or MMC. These
can be combined with separate link models to provide linking (see Figure 5).

MMC Multi- model container

Building Model BIM |

Operation Model CDMl

Costs Model spm |

Project Schedule ~ TSM|

Container metadata

Figure 5: Example of a Multi-Model Container including different domain models con-
nected through a separate link model.

There can be realized as a compressed archive file which contains all models, as a Mul-
ti-Model that contains only the links and refers to the linked resources outside of itself, or
as a message that contains a link to a file which again contains links to those link mod-
els. The container possesses an (XML-based) description of its contents and provides
information about the subjects, detailing and data format as well as the creators or con-
tributors of each elementary model. These elements of different elementary models are
connected/linked via unique identifiers (IDs) [12].

These mechanisms support interlinking the BIM domain models with other models, like
climate and user behavior models, BACS and ESIM. Like the COINS approach, multi-
models provide a comprehensive method for linking models. Like COINS, the MMC ap-
proach could benefit from the Linked Data approach, as links could equally be managed
through the use of RDF.

2.2.3 Linked Data based on Semantic Web Technologies

Linked Data (LD) is an approach to expose, share, and connect related data on the Web
[11][13]. It uses W3C standards such as the Resource Description Framework (RDF) as
a data model for representing structured content and Uniform Resource Identifiers
(URIs) as a unique identifier of information resources. RDF describes information as a
directed graph, where a set of nodes are connected with directed edges [14]. RDF de-
fines a triple consisting of a subject, predicate and object that can be queried using
SPARQL [15].

LD is implemented using standard Web protocols and dereferencing mechanisms. Due
to this fact, the LD cloud is inherently associated with human-readable descriptions
(mainly in HTML) of the resources described in RDF. This implies that RDF and textual
(HTML) content do not just live next to each other on the Web of Data (Figure 6), but are
also indirectly connected to each other.
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Figure 6: Web of Data, 2014 - http://lod-cloud.net/versions/2014-08-30/lod-cloud.svg

In modern AEC, data related to different domains such as: building geometry and topol-
ogy data, sensor data, behavior data, geo data etc. are generated and consumed across
BLC stages. The combination of BIM and LD has the potential to meet the requirements
for storing and sharing those data. However, data must be represented or at least
tagged using RDF.

Several research and standardization initiatives have been developing linked data repre-
sentations for those different domains, for example FIEMSER [16] and SAREF [17] for
devices and energy domains, Semantic Sensor Network (SSN) for devices domain [18],
AdaptdEE Occupancy Ontology for behavior domain [19], Geonames for geolocation
domain [20], and also KnoHolEM and Serum-iB which cover multiple domains [21], [22].

In addition to the development of new ontologies further research is done to convert ex-
isting standards to Semantic Web technology. For instance generic conversion strate-
gies have been developed for transforming existing AEC data to Web-enabled resources
and for linking web-enables AEC data like IFC, gbXML etc. to other Web resources. Im-
portant agreements have been reached within the LBD community and meanwhile
ifcOWL is a draft standard published by buildingSMART. ifcOWL [23] is generated by
transforming the well-established IFC standard defined in EXPRESS schema into OWL
to enable reasoning and querying using SPARQL and to improve the extensibility of the
data model. A similar approach has also been developed to transform XSD into OWL
[24].
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2.3 Use of LBD in research projects

SWIMing analyzed the use cases of numerous EeB research projects funded by EU (see
D1.1 and D1.2) and examined the use of linked data to address those use cases. Most
of the projects required some kind of linking of data to facilitate the integration of hetero-
geneous data sources. However, even though model linking seems to be a common
challenge not all projects are using Semantic Web technologies to support linking and
data management issues. There are various reasons for using other solutions like for
instance the technical barrier to convert BIM/IFC and other legacy data sources to an
RDF graph or uncertainty about the status of ifcOWL before it was accepted by build-
ingSMART for standardization.

This chapter shortly describes a few projects that are already using Semantic Web tech-
nologies. A strong motivation for using Semantic Web seems to be the need to manage
huge amounts of data, in particular if different data representation formats are used like
IFC (STEP) and CityGML (XML), if other Web-enabled data shall be integrated or re-
search benefits of Semantic Web like reasoning are of interest.

The project OptEEmMAL [25] for example develops a platform to support an optimized,
integrated and systematic design for building and retrofitting projects. The platform sup-
plies necessary information to simulation tools based on given district condition. Linked
data will be utilized to facilitate the integration of highly heterogeneous data, such as
building data, district/city data, weather data, sensor data, etc. The existing linked-data
schemas to represent the data are considered to be use, i.e. ifc2owl for building data,
CityGML for district/city and Semantic Sensor Network (SSN) for sensor data.

¢ h eeEmbedded [26] project develops a holistic energy system information model and
an integrated information management framework for designing energy-efficient build-
ings and their optimal energetic embedding in the neighborhood. The linked data ap-
proach is considered to interlink multiple physical and mathematical models which are
based on industry standards, such as IFC, STEP, and CityGML.

The DAREED [27] project develops a platform that provides services to citizens, energy
providers, and policy makers to improve the energy efficiency in the smart city context.
Those services generate and consume data from multiple, originally unrelated domains,
where in most cases data translation and communication links are necessary to ensure
interoperability. The linked data approach in DAREED interlinks the generated and exist-
ing data to facilitate the data integration. DAREED reuses and interlinks existing models
and vocabularies from heterogeneous domains to address the project use cases, for
instance IFC and SAREF for product model, SSN for device model, OM and data cube
ontology for building data, and GeoNames, Schema.org, and Basic Geo for geolocation
data.

Linked data can be expressed using OWL to enable the logical expression and rule inte-
gration. The KnoHolEM [28] project, for example, uses OWL to formalize knowledge of
multiple actors having different knowledge background, such as facility managers and
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electrical engineers. OWL can be integrated with rules represented with SWRL to enable
reasoning in the model. KnoHolEM integrated different domains i.e. building element,
building device, behavior, actor, etc. into an OWL ontology.

Further information, regarding these projects along with other projects as well, is availa-
ble in the Wiki [7].

2.4 Challenges and research questions

As shown in the previous chapter a number of research projects are already using Se-
mantic Web technologies not only for interlinking different data sources but also to query
and manipulate building data or to run various kinds of simulations.

There are a couple of challenges when using Semantic Web and LBD. Some of them
are of more general nature and some are specific to this technology. Benjamins et al.
[29] have identified six main challenges from using the Semantic Web:

1 Availability of content;

Ontology availability, development and evolution;
Scalability;

Multilinguality;

Visualization and

Stability of Semantic Web languages.

= =4 =4 4 =9

Ten years later and these challenges are still a reality, with Linked Data providing solu-
tions as well as challenges. Focusi ng on t he dilaytwhichnsorgdricas
bly connected with the other five challenges, the SWIMing project has worked on analys-
ing existing issues both in regards to previous work (publications, projects, events, etc.)
but also through active engagement with involved stakeholders in domains such as Re-
search, Academia, Industry, Energy, Architecture, Engineering and Construction, to-
wards highlighting essential shortcomings that will act as deterrent factors for future
work. With the Q&A sections in the SWIMing clustering workshops leading the findings,
an overview of the issues/challenges still pending is provided below:

How to improve or even automate the identification of ontology alignments (see
word matching algorithms)?

As the number of ontologies keeps increasing (see following sections) and the overlap-
ping among them gets bigger due to different representation of the same entity, there is
a necessity to identify ontology alignments (ontology matching). Shvaiko et al. [30] have
analysed this issue in detail and presented eight general challenges for ontology match-
ing, addressing of which should facilitate and even accelerate the progress of the ontol-
ogy matching field.

1 Large Scale Evaluation,

i Efficiency,
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Use of Background Knowledge,

Matcher Selection and self-configuration,
User Involvement,

Explanation i Documentation,
Alignment Infrastructure.

= =4 —a —a A

Following their work, Otero-Cardeira et al. [31] extended that list to fourteen more detail
points that need to be addressed:

1 Automated acquisition of reference alignment for evaluating large scale matching

systems.

9 Creating large datasets to asses matching algorithms.
Define good tools that are easy to use for non-experts.
Develop high quality and fast intelligent combinations of string-based and new
semantic-similarity measures.
Holistic ontology matching.
How to effectively complement automatic computation with human validation.
How to minimize involvement of users when turning matches into mapping.
Human readable explanations for matches.
Improving the mapping process through semi-automatic machine learning.
Integration of domain knowledge into alignment techniques.
Learning what metrics to choose in which scenario.
Precision and Recall of automatic methods.
Scalability and parallelization of the matching.
Semantic mapping.

= =4

= =4 -4 48 -4 8 8 _a -9 -9

Most of these points were discussed between ontology and data modelling experts in the
SWIMing workshops, and are integrated as main features of the BIM*Q tool.

How to foster reuse of existing ontology definitions?

Ideally, use of existing ontologies is something that can provide further insight in data
models that are already adopted by commercial tools and industrial stakeholders in re-
gards to new aspects and additional use cases. However, in most cases, research pro-
jects tend to create new models when an exi sti
doesndét fully cover their needs, i snbt based on

As Simperl [32] points out, ontology reuse is quite the troublesome task since it is based
significantly on the proper ontology alignment as well as the human intervention, which
leads to the need for a task and context-oriented approach to ontology reuse. Discussion
on this matter highlighted the fact that there is a need for defining methods and tools that
will allow new requirements to be handled by compiling existing ontology standards with
only very few extensions [32].
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How to manage linked data, in particular in a collaborative environment where da-
ta is constantly updated? How to keep consistency; deal with access rights and
data versioning. What is the right collaboration strategy?

This is an active issue with little literature background and refers to the need for active

support and constant extension of existing ontologies towards supporting new require-

ments in terms of concepts, technologies, and tools. Quite a few ontologies and data

models that were once complete and could provideval uabl e i nfrastructure
ed due to the fact that aren6t maintainmned anymo
gaged do not evolve quick enough to support new features and attributes.

How is it possible to effectively query information from highly heterogeneous data
sources?

Another well-known and quite studied problem is the heterogeneity of available data
sources in the Semantic Web and the LBD. Querying heterogeneous and distributed
third-party databases is one of the most time and cost consuming effort in retrieving use-
ful information from the Semantic Web.

Freitas et al. [33] identified three high-level categories of approaches for querying linked
data:
1 strategies inherited from the information retrieval (IR) space in which keyword
search is mixed with elements from structure queries;
1 natural language queries; and
T structured SPARQL queries over distributed datasets.

The semantic gap between the way users express their information needs and the rep-
resentation of the data is identified as the major origin of the discussed issue. Once
again, by properly aligning existing ontologies and data models, it would be possible to
widely mitigate this challenge.

Do we still need a shared vocabulary (maybe as a simplified version), which often
means a compromise for a specific use case, or does LBD allow to focus on high-
ly optimized, use case specific ontologies?

There is some discussion over how generic and shared vocabularies tend to limit the
contained knowledge in terms of both detail length and depth. Through the opinions
shared it seems that LBD can open a new way of exploring specific ontologies. This is a
guestion that remains to be seen how the Linked Data community will handle in the
years to come. BIM/IFC is an interesting example to that challenge, and its active role is
still under evaluation.

Through the work presented in this document and the overall effort of the SWIMing con-
sortium the above issues have been identified as active challenges, and in some degree
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valuable insight has been provided towards aiding the Linked Building Community and
future EeB projects into coming a step closer to optimally dealing with them and even
solving some of them in the years to come.

The following chapters present some of the most interesting results from analyzing EeB
projectsd Use Cases, both in terms of BLC St ag:
Chapter 5 which concludes this work with the SWIMing recommendations and some

further discussion regarding BLCEM process and data management.
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3 Approach for Evaluation of Collected Use Cases

3.1 Overall vision for sharing use case definitions

The methodology for generating and publishing BIM data has been already presented in
D2.2 and D1.2. The initial steps in this methodology consist of capturing use cases. For
EeB projects, the application of the methodology has been conducted using a combina-
tion of the Wiki and also the BIM*Q tool which not only supports the collection of re-
guirements for a single EeB research project, but also supports sharing and reuse of
definitions with other research projects, which in turn can increase the impact of those
projects by promoting their outcomes. New projects can also examine these outcomes to
discover where projects have successfully aligned their data requirements with existing
standards, like IFC, reducing the effort of undergoing this process from scratch.

Accordingly, the motivation of the approach in SWIMing and the use of a tool like BIM*Q
is not only to share requirements and all related definitions between project partners, but
also to share it with other projects, especially ones that are at their beginning. The
BIM*Q tools consists of a web-based interface, which supports the modelling of data
requirements and specifications that are relevant to implement a data exchange scenar-
io. The initial steps in the SWIMing methodology consists of identifying the involved
stakeholders (who is responsible to deliver that information), relevant stages and pro-
cesses (when and why is something needed) (Steps 17 3). Next, it enables the capture
of relevant data exchanges in a structured way (Step 4).

Template Use Cases Overview Reports Components -~ Setup Requirements Signed in as: kris.mcglinn@scss.ted.ie ~

Template: Building Energy Simulation Using Minimal Data Requirements - Version 2

Copied from: Building Energy Simulation Using Minimal Data Requirements

antology IFCa

May usedin BIM-GIS Integration {IFC4)
other use cases: SEAS Knowledae Model (IFC4)
Building Energy Simulation Using Minimal Data Requirements (IFC4)
Intelligent and Integrated Contrel Based on Building Behavicur (of devices) to Optimize Building Energy Management (IFC4)
Monitering and energy management of the existing energy consuming systems of the buildings (IFC4)
Monitering and contrel of the existing energy consuming svstems of the buildings (IFC4)
BIM-GIS Integration Wersion 2 (IFC4)
Cellaberative design and simulation platferm for designing energy-efficient buildings and their cptimal energetic embedding in the
neighbeurhocd (IFC4)
Sustainable Energy Management System fer Undergreund Stations (IFC4]
Operational Guidance for Life Cvcle Assessment studies cn Energy Efficient Buildings (IFCA)
Seund monitoring for determination of cccupancy te impreve building energy management and efficiency (IFC4]
Integration of BIM and district level 3D medels with real-time data frem sensors and user feedback to analvze and correlate buildings
utilization and provide real-time feedback about energy-related behavicrs (IFC4)
Decision support tocl for district rencvaticn planning {IFC4]
SEAS Knowledae Model - Group E (IFC4)
CptEEmMAL - Decisicn support tocl for district renevation planning (IFC4)
Energy Forecasting (IFC4)
District Key Perfermance Indicators and forecasting (IFC4]
Perisinn aninnert and enerny awareness in a district FIFC47

Figure 7: Use cases in BIM*Q which have indicated potential or actual alignments with
IFC4 for data exchange

BIM*Q has features to specify a use case, which includes to label and describe process-
es and stakeholders and to capture at a conceptual level the different data requirements.
These can then also be associated with the processes and stakeholders by defining if a
particular property is needed as input and who is responsible to maintain that property.
The conceptual data model may also be further annotated with suggestions for align-
ments with existing standards, for example, IFC or CityGML (Step 5). In Figure 7 a use
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case has been selected for the purposes of discovering other use cases which share the
same alignments to an existing data schema. Using the BIM*Q tool, the user selects a
data schema, in this case it is the IFC4 data schema, and then gets a list of use cases
which are also using that data schema. Further details about which parts of IFC4 are
being used can be explored by clicking on the appropriate use case.

A key feature of BIM*Q is that alignments can be made between identified concepts and

ontologies as a precursor to identifying potential links, where more than one ontology is

required to meet the requirements of a use case. The use of LD can of course provide

many of the benefits we have highlighted previously when conducting the linking pro-

cess. As more use cases are added, more knowledge about concepts and their relation

a provided, and the potential to make better informed decisions about the most suitable

candidate concepts for linking occurs. Accordingly, it will be easier for everybody to be

part of a fAjoinedod continuous i mprovement proce
used and jointly extended.

3.2 Use cases overview - link to domains and BLC stages

The use cases from different EeB research projects (see D1.1) are systematically col-
lected and captured in the SWIMing Wiki [7], in a standardized format (below figure).

W3C

Assessment of Energy Optimization Scenarios

+ Description Th

+ Data Domain(s)

Figure 8: Use case standardized format*

Despite the standardization of the information format, it is still difficult for the user to
identify which use cases are similar to his based purely on a Wiki representation, as it
results in lists of use cases which they must search through. Therefore, SWIMing also
developed a web-based overview of use cases [8], whose screenshot is depicted in Fig-
ure 9. The overview is generated automatically by a software that automatically read and
parse the use case entries in the Wiki. This parser, developed by SWIMing partners led
by KIT, allows real-time automatic update of the web-based overview based on changes
performed on the Wiki.

The web-based overview presents a use cases classification based on BLC stages,
where data are generated and also where data are consumed. The use cases (UC1,

* https://www.w3.0rg/community/Ibd/wiki/Assessment of Energy Optimization Scenarios
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UC2, UC3, etc.) are also classified based on the domain of the generated/consumed
data (see Figure 9). Each box contains links to the Wiki page describing the correspond-
ing information. If the user hovers on a use case box, the corresponding project on the
bottom of the matrix will be highlighted. It also happens vice versa, if the user hovers on
a project box. Therefore, the user can quickly identify which use cases correspond to a
certain project, domain or BLC stage.

As the overview, developed by TCD, is based on HTML5, CSS3 and JavaScript, extend-
ing or changing the look and feel of the interface can be achieved relatively quickly. This
particular view is intended to provide additional information for people interested in EU
projects in the EeB domain. Other views are possible which only include use case de-
scriptions, or potentially, alignment with other themes and clusters, for example, those
explored in the sister CSA E E B E3R]6 s

Figure 9: Screenshot of Use Case Classification Table®

® http://phaedrus.scss.tcd.ie/buildviz/SWIMing/u ¢ overview/
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